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BHBPAILIOIIDIE MEALIIIBL B 0X HCHBITA R

Kanauinri rexn, #ayk CANOKRINUROB M. U n RYTEAL V. B,

Bquﬂunomu,w MOALITILLE B0 T HPPCKTHBIIBM
THNOM MAHHUL VTS TOHKOTO HAMCALUCHUS 1 Haii-
AYT WHPOKOC HPIUMEHEHHE 1 HAPOLHOM XOISHHCTHe /LI51
MOAYUCHISL CaMBX  PAIHOOOPABILIX  TOHKOJMCTICPCHIN
MarepHanos. :
BuGpauuouusie Meabinibi 3QhHERTHBIO NPHMEIHOT.
CA NPH NPOH3IBOACTBE CTPOHTEABHBIX —MATCPHAMOR W
aerancit. Kak noKasanH  HeCJeOBARMS,  Tpoispeac-
nble CKB MunuctepetBa HPOMBHILICIHOCTH CIPONTC b
npix Matepuanos CCCP M APYrHMIE OPrainisinnsi,
TOHKOE M3MEALUEHHE PaCcHIHPSICT BOIMOMKIOCTH Oy Ie-
HHS BBICOKOKAYECTBCHHBIX BSDKYULIX H3 MECTIILIX CTPOM-
TEALHLIX MATEPHAJOBR (HIBCCTI, NECKa, HLEAKOn, 301,
i TN DY ORI T |(I)U'|—

s SOTATHOR nn Y o
PRSTTATREH B HIE

ap},
HocTh crpontennibix getadcit. Tak, nappiep, oo
H3MCARUCHHE TICCKA, HCTOAbIYEMOro NS CIUTHRATHIN
aBTOKJAABHBIX JcTadeil, TOBBILIAET HX NPOHHOCTL Wohe-
CKOJILKO pa3. TOHKOM3MENbUCHULIE TICCOK 3t 13BCCTH
MOTYT 3AMCHHUTb LIEMeHT TP}  TNPOH3BOJACTBE mndepas
NOMOJ HA BHOPOMEJBHHLUAX UEMEHTA, TPHMCIICMOTO
IS H3rOTOBJCHHS KeJe306eTOHHbIX HIACAILT, 10BN -
1aeT ero aKTHMBHOCTL H  YCKOPSICT - CPOKH  TBCPACHIN
H T I

al flpodonsnsrd paIPEY 050 erpin, PEIDS

Puc. 1. Cxema yerpoficTna  puSpaiutonioR  Meauiiuu

a — moaens M200-15: 6 - sonean M200-3; [ — wopnyc; 2 - suhnarop,
S — ynpyrag HPYMUIHAK poanecka; 4 — onopean pamac 5 - anceRTRN
ADUFATCAD, 6 — yupyrans COeAmuMTe LIl Myira

O6muit BHA K YCTPOICTBO BHGPAUHOINION MCJILHIIL
tuna M200 nokasaunt na puc. 1y 2. OcroBubiMIt y3aa-
MM MEJbLHHULL SBASIOTCS: WHAILAPIICCKHIT  Kopnyce I,
BuGpaTOp 2, ynpyras NpYyKHHNHOS NOABLCKA 3, onop-
Hasl paMa 4, 3JeKTpoABMraTe/ b 5 1 ynpyras sydra 6,
coeAHHsMIOWan Bajd BUOPATOPA C DJEKTPOIBHTATCACM.
Bu6patop COCTOMT H3 ABYX Hanpecowaliuix oaia Ha
apyryto TpyG, MCKAY KOTOPLIMH LIIPKYIMpyeT BO.14,
OXJ2XKAAIOWAaA MOAWMIHIHKK, a TAaKXKe CMONTHDOBAH-
HOTO B MOALIMMHHKAX ae6ajancioro Bala, UCIbHOTO Y
BHOPEUHOHHON MeJNbHHULI M200-1,5 n pa3pesnodro Y
BHGpauHOHHON MeabHHUL M200-3. Tlpu spawenni 1e

Declassified in Pa

OAAHCHOTO  KaNg  BO3IMKAIOF  KOAEOGaHHA  Koplyca
MCALITELG 110 3OMKHYTOH TPACKTOPHK € 4aCTOTOH, Co-
ornerernylonteit uncay o6oportos, T. €. oKono 25 i
y muOpannonnoil meanimiiue M200-1,6 1 50 oy y men

auus M200-3.

boace Honble 0Opasittl BHOPOMENbIKIE HA UYeTbipex
HPYXRIHAX BoKa3alisl Na_puc. 3. B 3tux o6pasuax oG-
Aeracintan pama umeer Tl-oGpasuyio dopmy, 6aaropaps
MY OTKPLIBACTCS CBOGOANBIR A0CTYN K MOGOMY MecTy
ROPHYCA, O PAPYIKA MATCPHANA H3 MEJNbHHUB CTAHO-
nirest Gonee yJo00HOb. '

JUist nosiyuenis TakKHX TOHKOANCREPCHHIX MaTepHa-
0B, KOTOPWe TPeBYIOTCA B CPABHHTENLHO He6OAbIIKX
KOOIeC TN, Co3aina BROPallHOHHas MeabHuua MIO
cvnoc oo 10 da®, noKa3anuas Ha pHe. 4. TeXHHUYECKHE
NAPAKTCPHCTHKIE BHODALMONHBX MeNbHHIL, Pas3paGoTaH-
e CKB MITCM CCCP, npusenednt B Taba. |.

TIpoissonre/ibitoc T BHOPaULHOHHBIX  MEAbHHIL KO-
AehHeT0 13 IUPOKHX NPEicaax B 3ABHCHMOCTH OT pe-
AHME HIMCIBUCHST, CBORCTB H3MebyaeMOro MaTtepHa-
S TONROCTHE TToMoAa.

BiGpawioniuic MeJI1bHHUBL MOXHO J{IPHMEHATb Kak
JUSL CyNOTO, TaK I AAs MoKporo nomona. [lpn cyxom
noviode nanboace  pGCKTHBHA cXeMa KOMILIEKCHOR
BHGPONOMONBUOIT YCTAHOBKH, NMOKa3aHHan Ha PpHC. 5.
[{ameapiacsble MaTCPHAiW 3arpyKalTcs B CABOEHHHA
npueMublii Oyikep / H n0o3aTopaMH 2 NOAAIOTCA B 3a-
AAIINX COOTHOWCHHAX B MeJbHHUY J C BHyTpeHHed
neperoponkoil. BeHTHAATOP BHCOKOro AaBaenHs 4 yepea

2. OGWHA Bua sBubGpauhominii MeaLuiue - M200
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Puc 3. Bubpawnonnas Mesnmna rna M200 1 actpes
npymuuax (00 OrpaxACHIe CHATO)

TPYGONPOBOL 7 IHATICTACT BOZAYN  BUVIPH e I,
CYBASTT MACTHIHO H3NCABICHILIT  MATePIaT, KoTapLi
BHHTOCHTCS HA TTOBEPNIOCTL MCAIOUN TC 1l 1y ()
KYASUHH BOKPYT  Kopnyca sHOpatopa. Jlioree norog
BO3AYXA € COAEPAALUIMCH B HCM MATCPHIION 1(poxn-
JUIT KAaccH(PHKATOP &, rac Toukne “actiitld orieds-
IOTCS H 34TEM OCANKAGIOICH B KON 65 1pyhie ua-
CTHIL U3 KIACCHMHKATOPA § BOANPAULIO O3 1ty Ao |
BoMeabiuy. Peryanposka ckopocti boonciesie 1po-
HIBOAUTCH  JPOCCEIbInit  aacaonkoii.  Hacowmst npo-
HABOAHTEABHOCTL  TAKOI  VOTAHOBKIL e TRILCH
M200-1,5 npu paBbore na  cyxoM  Kuapienoa
H3BECTKOBO-HECHANBLIX 1 HINCC RO I CC TS
CMeCSX cocTanasger 225 --300 Ko npoyika ¢y e ani
nopepxiocro 4 0004 500 cu*/e o Tonapony npn
actarke na cure 10000 oralem? e 6oade- 2 5,

[Ta puc. 6 nokazian pyroft Bapuanr  KoOMIICKcHoi
BUHODOHOMOILHON Vo LIHOBKH, OTAHUAIONGHITICS TeM, 4T
BOITOM CAYTIC Wi DRITD. HAMEABUCHILIT HDUYRE 1
CAYBACTO ¢ HOBCONHUC T WIAPOB, a BLIGPACLIBACICN B

U,

IRIEUAN

SC I B PYROIEPOROL e 110 IXBATHIBACTC NO-
FORON B c VN, I e e RAaccipnkarop.

Bopsie cayviacn, npnsiep, npnoovote UCMENTa,
CSHecOOP A Hee HPYNCHSTTL Henpepulivingil npoiece pa-
OHarnl «iti upovo te Gev poaynoi l(.'l{IC{‘H(bHKﬂllMH.
FHye 1008 e muae i Marepya nojacrcn p A03K-
PYCMBIN KOSMCC AN % BCPXINIE kpaitmifi 1ok 1, npoii-
BENepe s VORHOBRY, BLIXO/UT B BH/IC TOTOBOTO NPOLYK-
Pk fepro v At VoK B DPOTHBORVA0KNOM €¢ Kolue

TanGanwun i

TeXRUICCKHE RAPRKTCPHCTHRY HNGPAINONNIIX MEALHNI

Motean

[ M’.‘n(H.ﬁl M200-3
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200
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Oapasibt MCABIHKIL TOBEPraNnCh AJHTENAbHBIM HClIbi-
LI, 3 Npoicsce KOTOPbIX HCC/IELI0BAMHCh CACAYI0-
HUIC HAPAMCTPBE OCHOBHBE KOHCTPYKTHBHO-TCXHOMOMH-
HeeKHe NOKadated (aMMJaHTyAa KoJdeGaunfl, nortpe6-

" Meagdnani
npodynm

b
fomobesd
u:olyam

Punc. 5§ Cxema koMnaackcnoft suGponomonskof

e C 450 ~— o

Puc, 4. Budpaunoninan veauitaia MIO'.1;u'mpnrnpnnru THIA
GITIEY

{ — arpa.acnne,
- PN K
OATHO T OXTAANT N0

WO e J - XOMY I K POLCHEY

RGeS e 1
SOCKRTPOANNT aTC L 7
[TEa% ELLT P

4= acBaang
PIAX O MORCT  QUPOKITEBa b aCd
Ceos YHPYPAN Coe,uiiure Yhitan Mypra, -
ot oope; N Pava M aonolhaute, -
tich woaw

! - xupnyc,

yctannonkk Ne 3 CK

! - apneruan Gynkep (A w B); 2 — aoaatop ¢ Mexa:

WHH OO UPNEBOAOM; 3 — puGpaunonnan MeALHNRILE

MA; { — BCHTRANTOP  BUCOKOrO ARBACHNA; § — BOJAyw-

A poxo ol KIaccHPUKaTOP; 6 — RHKAON ¢ NPOMEXY-

Towsst O NKEUGM M MUFaARD; 7 — cHucTeMa TpyOGonpn-
0408 .

B KNOTH
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Bubipaionsnie Meaerige 1 g 0o rapi

JANCMAS MOILHOCTD, IHPKYSIUE MO OIS TCA,  Bec
ANCMCUTOB  KOUCTPYRIUGE 10 P 1L),  TeNHOT0UHICCK
FPPeRTUBIOCTH, T ¢ cOCOGIHOCTL BUGPAITOUNOT MCAn-
G1LE BIMCILUATH PASHOOODASITLIC NATCPIGILL 18 pas-
SHEILIN YCTOBIBIX, 0JTOBCHIOCTE, HIIC/ARTOCTh, Y06 -
CrBu IKCITY PN, TCHT0BAST HANPSERCHITOC b, "0 TOK-
KE PCMIHTOCHOCOOHOCTL KONCTPYKILIIL

B iacrosmedl crathe Ha1aralores HesoTopuie Aanine
MO 1Har0oiCe CHOKHLIM PASACTAM  NCHLITAUNTT  MCh-
HHIL == JLOATOBCHIIOCTB B TeXHOTorHuecKkas  ayper1n-
HoctL,

B ooTmiune o1 qpyrus MatiiH, Y KOTOPLIX HAPSReN-
HOTT> Jlerancit obuiio MoKer OLITh CIBRKCHA TyTem
YBCHUCHI X PA3MePOB, BOIMOXKIIOCTH YBOAHUYCHHSE CC-
uenitit Moneca aeradcit BHOPAUMONNLIN MCIBHNIL Orpa-
HiaeHa, 1o npoUCXOJHT NOTOMY, NTO BO3PACTAIHE KO-
JAehaonxest Mace TpelbyeT 3arparbl LOHOJHHTCALHOT
IHCPIHN 1A NPUROA W CHHXKACT  APPCKTHBIHOCTL  Mi
HOTHGL AHaMIaHpYst BOIMOMKHBLIC TPIUHILL PAIPYIUCHG
OCHOBNLIX Y308 H ACTAJICH BHOPAIHOINHLIN MCJABLHIIL,
CHEILOBAIO B NEPBYIO QUEPE/b OKIATL ABACHIIT yera-
JOCTIE MOTALNA B KOPAYCAX MCABIMILLL 1T BUOPATOP, 1y
fieii
BCCRL

FleTormios veTaMOSCTHOTO  Pas3spy CIst  sindistionst
AGLMIo anbosce C1albule MCCTa MAaTePItLIa, CTaTH i
HCCKIE PACHPCICICHILIC 110 ero 00LeMy, /00 i
KOHICHTPAOT HATIPSDRKCHHIT,  OGYCHOBICHIBLIC  (hoprii
JWCTI, PO3KITMIE TICPCXOAAMH COURINL, HoBpeH e
MIT HOBCPXHOCTI, TEXHOJOTHUCCKIMIL H JIPVIHMIL jlen
Tasmin Haseetno, uro  Hanpspkemist B Actasnt, lanke
OMPCCACHHLIC ONBITHBIM TTYTEM, MOTYT HC CONTICONN
HATLCSE ¢ POAYALTATAMH, MOAYUCHHLIMM TP e HCULIT)
TN 1A VOTAJIOCTD, TAK KaK HCCAC/AOBANIN HIPSZK eI
NAPAKTOPHIYIOT BCCL OOBOM MCTANIN, & HCHLITAHIN HA
veragoch - papfodee ¢raboe MeCTo B MaTepHadc i
KONCTPYKUIHIL  3aBHCHMOCTb  MCIKAY  HANDPsKCHICM
B JICTAE 1 CPOKOM  Ce Cay:ROLL O paspynienist or
YOTAJTOCTH B OOULEM BILTC BHIPWKACTCS YPABICHICM

V=[]
. g
rae N - HCST0 IHKAOB IO PARPYLICHHS,
9 HAUpSLRKeNe,
A — nocrosinunlii Koaphuunenr,
M —— HORKA3ATeNb CTOHCHH, XapaKTePH3yIoiLHil yro
HaKA01A KpUBOIL ycranocTn B saorapigmi-
~NECKHX KOupAHHaTax.

BeseacTnie cTeneHioll 3aBHCHMOCTH MEAULY HANpPs-
MKOMHCN 31 JI0ATOBCHITOCTBIO  HCOOMBHIOMY  H3MEHEeH IO
HANPSASCHIESE HEPCAKO  COOTBCTUTBYCT  BCChMa  31avl-
Tedbioe wanienenne  joarosednocti.  Hanpumep, kax
BILUIO T3 UPHBCICIHIOro 1A pie. 7 rpadiika ycTasaocTH
KL HPARKINE, YMCHbICIe nanpsixeisa 1wa 4%
VBCUEBACT HIHCT0 WKA0B 10 paspyuickns B 10 pas.

1oy ROSUILIM IPHUBHAN NCHLITAHIAM Ha yCTAJM0CTh
HCHUBMCIHR) CONYTCTBYET BOCHMA SHAMITCALHOC PACCOH-
Banie pesydabraron. 1 kosniec ruennoil xapakrepn-
CTHKIN 3Toro sipdenist ua pic, 8 1 9 npuvescns TN
HLEC KPHoLIC Pacconnamiag noka3aTeseii 101roseyHocTit
CHCROTOPDIN JICTAICH, NPHMCHSICMBIN B BHODAUHOIHBIN
METLHILAN, = MAPHROBLIX 11 POTHKOBBIN 1O
Kon, peccop, Goaton. Kak nuano ua 371X PHCYHKOR,

i sHOGpaiopa i ApyAGinax yiupyron i

.

e dacmiaomn;
i copor
doiiyra_

TomoBsni
i npodywin

Ucrodned
mamepuan

Pie 6. Cxema KOMIACKcuon BuGpoloMonuioi yctanonkn Ne 2

aMednna o M0 2 - xaaconbukartop;

v pysoana Oynkep; 6 — aovatop; 7
N - GVUHKEOD AWICHATODRA

I — HHKAOH,
S 3ACKRATOD,

! AL
4 wenHeasTop; G

HAMCHCIUTC SO OBCUHOCTH ACTANCH B HCCKOABKD Pas
SBSICTCST OOLIMIBLIM, HTO JKC KACaeTCst 1Ipesesion pac-
COHBAIN, TO ol cute Ooace 3HauynTeabhbl. [Ipicten-
JOBLIX HCHBITANHX BLICOKOKAYECTBCHHBIX  IAPHKOBLIX
HOANNNHINKOB 0,00 HApTHH B KOJHYECTBE OKO.AD
30 wiT. cpoK cAyKOb HaliboNee AOJIOBCYHOTO NOAINHN-
HHKA, HAUPHMEP, OTJIHMAJACA OT CPOKa CAYIKOb HAHMC-
nee aoaropeunoro n 40 pas, Takum o6Gpasom, nas
JLOCTOREPHOTO vllpeflenctinsg  cpoka cay6ul  aerascii
O pa3pyuiclusi OT YCTAJOCTH HCOGXOMHMO HCHibITaTh
3HAUHTCIBIIOE YHCa0 0Bpa3nos,

ManomeHHLIe COOBPaX]eHHsi OTHOCATCA K ACTAJANM,
HATIPSIKEHHST B KOTOPWIX B HaHOoJsiee caaboM HX MecTe
MPeBLIAIOT HANPSIKEIHA npelefa BHHOCAHBOCTH,
TAKXKe K MOJUUHMIHKUM KaueHHA, IJ5 KOTOPBLIX HaJH-
YHe npeje/ia BbIHOCJHBOCTH BOOGUle He YCTalOBJACHO.
Oanako ne caeayeT AyMaTbh, UTO KOHCTPYKUMIO, paGo-
TAICULYIO BHE 30HBI YCTAJIOCTHBIX paapyienuit (puc. 10,
uutepsaa /V), nocrarouno MCHbITATL HA 0/1HOM 0ofpa3-
e. Karkabtit o6pascyy MaUIHILL HMEET CROM MUAHBHAV
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Pic. 8. Kpiupan paccennaniisi H0aropewiocTH Actanef,
paapylraouxca oT yc1anocT

== NOARKONLIC NOJUUTRONIEKH 6““1:1?!“(0[\”@ NOAUINNKHUKYK, O —Glihfiﬂ
aqablivic 0COBCHIIOCTH, OMPCARAAEMbIC MHOTHMH NDHYH-
pani: KkoJgeGalHsaMi B KauecTpe ArTadeil B onpenenax,
AORYCKACMBIX TEXHHUECKHMH YCNOBHSIMH HA H3rOTOKAC
jie; KoJehanisiMH 3a30POD B COMPATACMbLIX ACTAINX 1
POIYIBTATC TOTO HJIH HHOTO COUETalHst Jlonyckon iia
HAPOTOBJACHHE; OTKAOHEHHSIMH OT UYepPTCAKa npH H3ro-
TonJgCHH, COOPKE 1 MONTAXKeE,

B 1eKOTOpLIX C/ydasix BCe 3TH 0COGCHHOCTH €nocoG-
CTBYIOT NOJAYUYCHHIO GJArONPHATHLIX PCIYJALTATOB HCHHI-
Cramiil i HeKOTOPHIX CAy'YARX — HAGDopoT. Tipu 1ijo-
peeHHI HCOLITalHi Ha ofnoM o6pasne pe3xko  ci-
AACTCS BEPOATHOCTL BBIAIBICHHST HEAOCTATKOB, KOTOPLIC
HeHAGeKHO NPOSIBATCA Ha rpynie  o6pasnon.  Kpose
TOro, SIBACHHAM H3HOCA TAaKME CBOHCTBCIHO pacceiina-
e, XOTH M He B CTOb OOABUINX NPCICIAX, Ka< npit
PA3PYLICHHH OT YCTAJIOCTH, Ho BCE KT 3lIauICThioe,
nepenxko 8 2—3 pasza’l.

Bee 31H 06CTOATCAbCTBA GLLTIE YUTCHbLL PIE CO3 LATIHI
BHOpAIIOHNLIX Medbhil. CpaBHITCaAblo OblCTpue Bbi-
ABJICHHE M ycTpaHeuue HefOCTATKOB  KOHCTPYKIt,
a TaKMKe TCXHOJAOMHI HY H3TOTOBACHIST ChLa TOCTHINY-
bl GAaroAaps OPraHU3aUNH HCHWTanil B IHNPOKIS
MACIUTA6aX 1A 3UAUHTOILHOM WHCIe o0pasion, npiiey
KOHCTPYHPOBALHG KaAIO0M cacayrouteil MoAeTI PO
BOIIOCHE Ha OCHOBE PE3y/bTaToOB HCMBLITAIIT TPE 1
AVHLEH copii - 0CGbluto 5--6 Mawm OGuiee ko 1He
criv0 06pPa3noB, MOCTPOCHHLIX H HCNBITAHKBIX Hep T Bbl-
MYyCKOM ABYX THIIOB Mallk i, TIOKA3aHIibIX Ha pHC. 2—4,
npesuimaet 80, Bee venniratHs AOATOBeUYHOCTIE ‘t Ha-
ACKNOCTH TPOBOJHTHCh 18 VCJAOBHAX, OAH3KHX K 4KC-
NIV aTaIHONHBLIM,

Hanexuocts o6pa3uon nPOMBILIICHIION Cepiit  ni-
GpaltHONHBIX MCAbHHIL M200)-1,5, T. e. itx +10co0H"Tb
paGoTaTh AJANHTCAbHO H Ge3nTKA3HN B ycJosHAX, 6oace
TAMEABIX, HeM 3KCIAYaTallHoHHLe, Oblia MpoBCpela

TP, B Kyreab, H3 onura wcnbiTaund
«BecTink MawiHocTpoesnas Ne 10, 1952,
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Piic. 9. Kpupuie pacceitnania A23rcBeYHOCTH NpH
HCHBITAINIAX Ha YCTAJI0CTL JUCTODBIX TPYHKIH

a — o0AyTux ApoGhHK; 0 — He 051yTix apobuio

50 100 138 706 17 100

\

“ropa Ha 60ALION (PYNNe Maiini

crietaablibiMIt HEHPCPBLIBIHIME HenLiTanHaMH 4 onpas.
1o Ha npotazkelnn 1 000—1 200 nac,

B npouecce  cOBEPILENCTBOBANMS ~ KOHCTPYKUMI
OCHORHLIX JeTadieli BHOPAIHOHHBIX MCALHHIL CPOK JIX
cnyKObl HEYKJONHIIO BO3pacTat, H No  Mepe 3aMelibl
OANHX ONBITHBLIX 06PA3LOD JIPYTHMH UHCJAO LNKIOB JU
paapywetnst Actajicii nepeapurasock U3 untepnaaa //
p wutepnan I/l w, nakoneu, B wunreppan IV xpuvolil
yCTANOCTH, CXeMaTHUICCKH M306paxcennoii ua puc. 10.
Ecan 8 neppoii. cCpHH onbITHBIX oGpa3uos BHOpatOIoN-
HLIX MEJbHMIL PA3PYLIEHHS KOPIYycoB B 30HE MpHRAPKH
Moxos npousouti nocae 10—30 vac. paGots!, TO yiKe
B cJic/lyiolted Tpynne o6pa3UoB B pe3yJsibTaTte H3MoHC:
Hist (DOPMBI JIIOKOB H YCTPaHEHHA KOHUeHTpaluur 1a-
npaxenuit nabaioaNcA TONBKO OOHMH Caywail no3mii-
nonenust Tpeliib nocje 650 uwac. paborsl. OOpasiLi
KOPNYyJOB NpOMBbIIIEHHOro THMAa paGortaau  Go.tee
6 000 uac. (okoso 10? umuk/aoB) Gea npu3Hakop ycTa-
JIOCTH. ‘

HMcnwitanust csaprioit” KOHCTPYKUHH Kopryca BHOpa-
LHETHKOM TIOATDC[/i-
JIM BLICKA3anibie Bbillle cOO6pPaXKeHUsT O pacceHpauuil:
MOMOMKIT KOPTYCOB BHGPATOPOB MePBHX OMNBITHLIX 00-
pa3ion NPoHCXOAWAN B npegenax ot 25 ao 500 uac.
(t. c. paccensane 8 20 pas). JlanvHedimee ycosepue:-
CTBODAIIHC KOHCTPYKUHH C YCTpAHCHHEM CBapKH KOp-
nyea pHGparopa MoAHOCTBIO JTHKBHAHPOBANO €ro no-
NOMKIL.

[TosioMKH  cenapatopos MOAUIHMHHKOB BHOpaTopi,
HpOICNOBIIHE HA neppuix o6pa3lax Mocje HecKosib-
KX cotell 1acos paGoThl, GBIAH YCTPAHEHH 3aMCHOI]
HIAPHKOBLIX HOAWBNNHKOE €O CTANMBHEIM LITAMIIOBANl-
HLIM CCHAPATOPOM 1A cepHYeCKHe POJHKOBble MOX- -
HHIHEKIL C MACCHBIBIM CemapatopoM M3 JaatyHu. O6-
pasopaiite 3a30poB B UHJAHHIAPHYECKOM pPa3beMIIOM
coCUTHEeE KNpiiyca BHGpATopa € KOPNyCcOM MEJbIHIIN
I PA3PYIIYHIC COeANHEHHN, MPOHCXOANBILEE B MEPBIAN
AGPA3LAY, COBCPIIENHO NMPEeKPaTHAOCh € MEPexooM 11
WOHCTPYKINIO 'C KOHHYECKOH 3aTsXKKOM, mpu KOTOpoii
$230pLl B COCAUNENHH OTCYTCTBYIOT.

XapaKkTepluiM  MPHMEPOM  Da3BUTHS  KOHCTPYKIH
S AeMEHTOB BHOPAUHOHHBIX MeJbHHLL ABJAAIOTCA YNpyriue
05 pbl. B nepsbiXx MONeNfAX B KauecTBe YNpPyrod onopnt
6111 TPHMelleRbl 3aNoJHeHHble Fa30M Pe3HHOBLIC 13-
P, PacnojodieHHble B 1Ba HAH TPH psina no BepTHKaAu
o AHKIleM KOpriyca MenbHHUW. OHH XOPOWIO aMop-
THIHPOBANAH KoseOaHHA, HO B OOLIUHHX YCJOBHSIX IKcC-
nayataunu paboranu Bcero 30—50 wac.,, mocse uern
pe3aWHa MpoTHPatach H WAapH TepAAH  YNpPYrocrh.
B c.ienyomwux- Moaensx nog AHHUleM Kopryca Ouiin

Nepertennoe
AaNPAMEHUE

'b'h/r/m yr-wnod dn narorny

10. Cxesatitieckoe H30Gpamciiue v‘(punon y€TanocTH

I — sona stsao-on UHKIRMCCKOR ueperpysxn; /! — 3oua

HPeACBIC G YCTAIOCTUWS  papyweinh: 11— 30-

MA FOTadec1tnax PAPYWCHMA npH  AAWTCALIOA palore;
. IV e yors e ot paspyiniciing ne  poINHRAIOT
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Bubpayuonrsie v 'hHuym U ux ucnTaHus

ycratonaeibl TUVTHHADHUCCKHE  NPYKIHEL
WHA MOAYUYHIACH CAOKHON, NPYyXHHBL OblIH HEeLoCTyH-
KKl OCMOTPY It CMA3Ke, KPOME TOT0, HCPEeAKO BO3HHKAMH
nepekOChl MPYICHIE TIPI MONTAXKE, YTO COKPALLATO0 CPOK
HX uymﬁu He Gblio Takike AOCTYMA K AHHILY KOp-
nyca.

BubGpaunonnas MeAbHHLA NPOMBILJIEHHOTO  THIA
M200 csournposana ua apyx psfax HeOOJLIINX NpY-
HOHH, PACHOJOMCHHBIX BAOAB Kopriyca (puc. 2); r1ipu
3TOM YCTpaleH HX MEpCeKoC, ONIH JAOCTYNHW /st pery-
JASIPHOIrO OCMOTPA H CMalKH; OTKPLIT JI0CTYN K AHHULY
KOprysa, B KOTOPOM PacHoI0XKEH BbIFPY3OUHBIL JlOK.
B 3Toil MOACTH NpHMEeHcHb KAananhule NpyXHHLL as-
TOMCGHLHLX  ABHraTe1eil, ‘noasepraembie.  O04yBKe
APOOBIO 51 MNOBLILICHHA YCTAJOCTHOM NMPOYHOCTH; Bbi-
COKJE KauecTBO NPYKIHBL B 3TOM CJayudae coycTaercs
C HH3KOT ¢ CTOHMOCTBIO, ’ )

TIponeaciiie 8 1a60PATOPHLIX YCJA0BHAX AJHTENB-
HBIO HETLITANHA BHOPALUITOHHBIX METbHHIL CO CTaJbHBIMN
UEAPAMH H. IEPHOIHUCCKH 3aMEHAEMBIM CYXHM MECKOM
B KaneeTee (6A774C0Ta NOKA3aAH yMepeHHu i H3loC Kop
nveen. TTopiiMoMY, CHIKEHHIO H3HOCA C110CODCTBY 1
HOTCHCHBULIL HAKICH BHYTPCHHCH  TIOBCPYHOCTH KOJ:
Nyca B pe3y.IbTaTe  BLICOKOYACTOTHONO  KO3/EICTBHY
METIONNX Ted. Muaanonut yaapos He60.161110i CH
BOCHPIIGIMAEMBIX BHYTPCHHEH TMOBCPXHOCTbLE KOPOy(
VIRIOTHAIIOT Ce H HEeCOMHICHHO OKa3biBaloOT NotoAiTe
HOe ce BAHSIHHE HAa MeXaHHuycckde cBoiictea  Oanas
3TO HiTEPCeCHOC sIBJeHHC NMOKa HEe H3YUeHOo.

B sKkcoayaTauHoHHLIX  YCJOBHSAX TIPH  HETI» PbiBh =i
MO1a4¢ H3MCIbYAaeMOro MaTepHaTa CJaeqyer «AHI1 o
HCCKQIbKO  OONBLUICTO  H3HOTA, HCM B JAalepaTopiise
YCINBISIX —— NPH nepHoideckoll 3ametde 6a.11act .

TIpi noMoIe BLICOKOAGPA3HBHLIX MATEPHAIOB, &
HpHMep  KBAPUCBLIX  TCCKOB, BHYTPH  BHOpaLHOtiil
MOLIBL YCTAHABIIBAKTCA CMCHUBIC LIHTKH, Npei)-
XPAIBIOHIC TOPHLL KOPIIVCa OT H3HOCA H MOBBILAIOHIHE
CPRO Pre CAY AROLL

TENHOMOTIHHECKHE HCTILITAHHA KaAA0d HOBOI MOCTH
BHODAHOHHOR MCABHHILL COCTOAT H3 BYX OCHOBHBIX
BTANCR:  NEPBLIT — ONipeeICHHe ONTHMAMbHOTO PEeKH-
M HIMEBUCHHS, T. €. HaHBHIroAHeRwel aMILIHTY AN

RovteDaHis KOPMYyCa MCJAbHHUB, KOAHYECTBA 3arpyae-

MO MATOPHATR H METIOUINX Ted, HX pasMmepa, suifop
MOTOIA H3MOAbUCHHA {MOKDPOro HJAHM CYXOro, Mepioin-
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VIBRATORY GRINDING MILLS AND THE[R TESTING

: (Tran.svlattion of: M Ya. Sapozhnikov and R. V. Kugel (Candidates of technical sciences).
Vibratsionnye mel nitsy i ikh 1spyt;amya Mekhamzamﬂ Stroitel' stva (8):3-8, 1955) ’

Vibratory grinding mills are machines remarkably “suitable for purposes of fine
grinding; they will certainly gam wide dlstribuuon in the nation 8 economy in all cases
where there is a demand for one or the other of the finely dispersed materials.

" The two main fields 1n which v1bratory grmdmg machines are used with success
are the manufacture of bﬁilding_materials and that of stfuerural parts. Investigations
made at the S. K B. ) plant of the Department fof the Productlon of Buildmg Materials
of the Union of Soviet Socialist KepuDucs ‘ag weiias at other institutions, ‘!12-.‘:5 shown
that fine grinding techniques open possibilities for manufacturing high-quality binding
materials from a great variety of lecal raw materia}s (such as lime, sand, slag, ashes,
hearth residues, etc.); these investigations have also demonstrated the increased strength
of structural parts made of finely ground materials. Thus, to cite a few examples, if
sand used in mgnufacturing silicate antoclave parts is submitted to fine grinding, the
;ﬁecﬁanieal s_trength of r_hev product is thereby; inc reased se:/)ergl times; fihely gfouqd
eend anel lime may b'e used as a subst;‘mte vfoxv' cement in slate manufacture; additional

| vibfatory g;‘iﬁding‘ of ee’menf destiﬁed for reinfo fced conc%ete both iﬁcreases ‘its:;activ*‘
1ty and accelerates 'ﬁardenihg, erv .

The eutside view and construction of vibrato;ylgrix}ding mill type MZOvO‘are

shown in Figs. 1 and 2. The»following are the rﬁain structufal members of the;ma— |

chine: cylindrical body 1, vibrator 2, elastic suspe

. porting frame 4, electric motor S, and elastic slee\l/e‘ 6 eoﬁnectving the shaft of the

“Translator's note. The meaning of this abbreviation is unknown to me. It seems
to indicate an institution for developing machines for the building industry.
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i vvibrat'or with the electric motor. : "I'he'vibratb'r« conslstn of 1) two pressed-on pipes be-
tween which clrculates water ‘that cools the bearings, and 2) an unbalanced shaft rest-.
_ ing on those those bearings and made elther in one piece as in vibratory grinding mill

M200-1. 5, or in several pieces as in vibrato’ry grinding mill M200-3. The rotation'of

‘ Fig. 1. Diagram of vibratory grin dmg mill., ,
a= model MZOO 1.5. (Red mark) b = model M200-3; 1 = body; 2 = ‘vibrator; 3 = Bprings
of elastic suspension; 4 = supporting frame; 5 = electric motor; 6 = elastic coupling aleevi.
(In the illustration: red mark c = longitudinal section;-red mark d = transverse section.) :

the unbalanced shaft generates vibrations in
the body of the machine, vibrations that form
a closed trajectory curve and have a frequency

corresponding to the number of revolutions

el

c T e O oea
i 2 M

per second, viz. a frequency Qf a.bo‘ut 25
c/sec m_vinratory grinding mill M200-1.5
~and a fxfeqnency"of 50 c)s’ec in model M200- 35 2 cpa(NPTA
| Fig. 1 2 vC-eneral viév)_ of vibratory
‘ grinding mill M200. -

An examplé of more recent models

of vibratory mills, in which the body rests on four springs only, is shown in Fig. 3.

In these mhodels the frame is lighter than in the former models and has a n_—ahapéd '

plan which permits easy access to all parts of the body and, moreover, renders more

-

vconvenie_nt the unloading of the njzichiile.

Translator' s note. _In this and the following lllustrations Russian letters. and Russian
" captions within the illustration are marked by me in red on dle pbotostat their meaning
is then given in the translation. :
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Vibratory ‘grinding mill M10, shown in Fig. 4, has a working capacity of-10 dm3;

it has been devised for cases when relatively small amounts of a finely-dispersed ma-

" terlal are required.‘
Table 1 gives the technical character-

istics of the various models of vibrating grihd-

ing machines, developed at the S.K.B. plant of

‘the Department for the Production of Birilding

Materials of the_ Union of Sovict Social st Re-

publics. | : ' _ - Fig. 3. Vibrating grinding mill type

o ' M200 resting on four springs.
~The-efficiency olvibrating-grading mills ——— - (Cne parv of the {rame is re-
moved.)
varies within wide limits and depends on the mode

of the grinding procedure, the properties of the material and the desired degree of fineness

of the product.

Fig. 4. Vibratory grinding mill M10, ~laboratory type.

1 = body; 2 = unbalanced member of the vibrator; 3 = collars of the body support in which
“the lattér can be tipped for unloading of the product; 4 = guard; 5 = elastic cormectmg sleeve;
6 = electric motor; 7 = spring of the elastic support; 8 = frame; 9 = base; 10 = inlet and out-

let of cooling water ' ' ‘ ’ ' v :

eratory gr mdmg machmcs can be used for both dry and wet grmding Dry grmd- a

-ing is cspeually successfully effected thh the "compound” vibro- grmdmg eqmprnent shown
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Table 1, Tec‘nnical characteristics of vibratory grmding machines.

= Models v :
Characteristics “M10 - M200-1.5 - M200-3
Volume of body in dm3 - o 10 200 . 200
"Frequency, vibrations per min. 3000 o 1500 _ ; 3000 .
~ Amplitude of vibrations in mm S 3018 " 3 o8 2 esag®
‘Moment of unbalancein kg-cm -~ v 13 140-175 65
Weight of grinding bodies in kg: ‘ : = , t -
. steel balls or rollers : . 36 = cic) 740 163207 740 . :b
porcelain balls 11 24.0 : . 240
. Power of electric motor in kW ’ 4,5 7 14 oL 20
Total weight (without grinding bodies) in kg 185 700 ' 720
Overall dimensions in mm: : ' o , :
length 4 o 71070 ] 1980 - ’ 1980 -
width | A 450 980 | 980

height (including wood base) ’ (AN 1360 © 1360

in Fig. 5. Materials destined for grinding are loaded into a double feeding bin 1 and,

after passing through batchers 2, they enter, now in the desired proportion, into the

grinding mill 3 which is separated by a parti-
tion into two-compartments. ’ Highjpressdre
fan 4 blows air through conduit 7 into the grind-
ing mill; here the air liftsup a mixture of more
or less fmely ground materlal from the grmding
| bodies as they appear on the surface of the charge
in the course of their c1rculauon around the v1bra~
‘tor. Then the air stream carryuig the groilnd ma-

~ terial passes through a separator 5, where fine

‘Fig. 5. bDiagr'am of the compound vi-
" ‘bro- grinding:equipment No.3  grains are separated and finally deposxted in the cycione

S.K.B.
= feeding bins (A and B); 9 = batcher 6 whlle coarser grams leave separator 5 to return

driven mechanically; 3 = vibratory
~ grinding mill type M200; 4 = high-pres- to the mill for addxtlonal grmdmg The stream
sure fan; 5 = pneumatic separator; 6 = , )
cyclone with an intermediary bin and velocity in r_he system is regulated withvthe aid of
oscillator; 7 = conduit system R o o
- In the'illustration: red mark C =initd- = T
.. al material; red mark D = final product : S
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a throttle valve. With materials like dry quartz sand, or. mixtures of lime and sand or of
lime and limestone. the hourly output of such an equipment using mill model M200 1.5, |
Ais 225- 300 ky of product having a specific surface equal to 4, 000 4, 500 cm?¥/g (measured
by Tovarov 8 method) and leaving a remainder not exceeding 2- 5% on a screen with 10, 060
: holes per cm?. | |

Another vsriationof a compound vibratory grinding equipment is shown in Fig. 6.

“The material, ‘efter having been more or less finely grbund, is not bloWn away from the

Fig. 6. Diagram of the compound vibro-grinding equipment No. 2 S.K.B.
1 = vibratory grinding mill type M200; 2 = separator;. 3 = cyclone; 4 = fan; 5 = feedmg bin;
6 = batcher; 7 = elevator; 8 = bin of the elevator. In the illustration; Red mark a = initi-
al material Red mark b = suspension of initial material in air; Red mark c = coarse frac-
~ “tion; Red mark d = fine fraction; Red mark e = final Pproduct; Red mark f = partial removal
of air; Red mark g = addiuonal air. -

surface of the balls, as in the preee_ding case, but drops b_down into the air line where it

is lifted up by the stream of air and transferred into the separator.
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In certai‘nyc‘:ases, as e.g. in additional grinding of crement, a coﬁtinuous "creeping" |
Qproce.dure with no pneumatic fractionation is found- tb be more convenient. Mate.riyalls,to be
ground are fed in proper pi‘oportions into the upper hole placed at one end of the machine and,
in the form of t‘he' finalvproduct at the lower hole placed at t}‘e ‘opposite end;

All of the models of grinding mllls weré submitted;to .prolonged tests whqse pur-
pose was to inveétigafe the behavior of the> foilowing parar;eters: main st’rucgtuvral and func-
tionél characteristics (amplitude of vibratibns, .power‘ required, c}rculation of grinding

bvo‘di‘es-,» weight of structural members, etc.), technological versatility of the. vibratory

- grinding unit as expressed by its capacity of grinding various materials under various

conditions, its span of life, dependability, convenience in handling and supérvising, ther-
mal stresses, and readiness to undergo repair.

In the remaining sections of this paper some bdata will be given concerning the
most elaborate of the tests of grinding mills, viz. those of their life span and of their
functional characteristics, as defined above.

Unlike maéh'mes where stresses in single me@ers can be reduced by increasing
thév 'la'tt‘éi:‘ s dimensions, vibratory’ grinding mills ‘admi't o;ﬂy very limited iincreases in.
section areas and weights of its parté.- This is due to thé-fact that every increase in the
_ me"xs_bses bf'vib rating parts is a;ccompaﬁied by an incféa;;‘e"- in the required driving energy and,
; conseéuendy, by a'décrease in the machine's efficiency .~ | In raqalys‘mg the possible causes
éf féﬂure'df the principal members and of other bpa"rts of“é”:'vibraro.ry grinding mill, one
nzturally tk‘n'nks‘of the fatigue_phenc_imer;é‘that must be accur'hulati'ng’in the m.achin'e'vs body,
in the viblv"ator‘, 1in the latter's bearings, a'ndb in ;he bsp‘ringh»é»of the eiasti(_: _suspeqsidn system.

As a tule, fatigue de’strucvti‘on's ofa _given'body’ére localized éithgr in its weakest

points statistically distributed over the whole volume, or ih“zones of concentrated stresses

N . . ‘A ° - P _——
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‘ attributable to the body' 8 shape, sudden varlations of cross section areas, surface lnjuries.
and _mternal ﬂaws. It should be borne in mlnd that experimental measurements of stresses
in a given mechanical part may not_lead to results ldentical wlth those obtained from fatigue
tests, since stress measurements furnish data which characterize the whole volume of the.
part examined whereas results of fa.tigue tests are related to the weakest point in the ma-
~ terial or in the structure. The dependence of the llfetlme ofa part, until its destruction ‘
hy fatigue, on the stress is expres‘sed by the equation
 N=@/e™

where N is the number of cycles until destruction, ¢ is the stress, A is a constant co-
e_f.ficient, and m is an exponent measuring the slope of the fatigue curve drawn in logar
rithmic coordinates. |

Owing to the exponentlal nature of the a.bovedependehce of the lifetime on the
stresses, small stress changes will frequently produce oonsiderable changes in the life-
time. An example is seen in the fatigue curve of valve springs shown 1n Fig. 7: to a 4%
decrease in stress there corresponds a 10-fold increase in the number of cycles until

destruction.

For these reasons, a characteristic feature of all fatigue tests is a considerable |

‘ ,fdispersion'o‘f the results obtained. Asa numerical illustration of this statement we give

- Fig. 7. Fatigue curve of valve springs. - Fig 8. Dlspersmn curves of lifetime
.Abscissas: number of cycles until destruc- ‘characteristics of mechanical
tion; Ordinates:” stress in % of the limit ' parts undergoing fatigue destrucf ,
stress. - BT . , . - tion.

‘ a = roller bearings; (Red mark) b = ball
bearings; (Red mark) c = bolts; Abscissas:
lifetime in % of the average lifetime; Ordi-
nates: -number of parts which remained un-

destroyed in % of the total number of parts
tested. , :
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in Figs. 8 and 9 typical dispersion curves of the lifetime characteristics of some mechani-

| éal pleces used in vibratdry grinding machihes,,viz. ball bearings, roller bearings, springs

and bolts. As seen from these examples, individual differences are great: lifetimes sever-’

al times as 1bng in some specimens as they are in other specimens represent the usual pic-

ture of the situation; and if limits of the dispersion were considered, the differences would
be larger still. Thus, in a lot of about 30 high-
quality ball bearings examined with a testing ma-
chine, the longest lifetime was found to be 40
times as long as the shortest one. This shows
that reliable determinations of lifetimes of mech-

Fig. 9. Dispersion curves of lifetime anical parts until fatigue destruction require tests

characteristics, plotted from v
fatigue tests of flat springs. of a considerable number of specimens.

a = springs having been submitted to ‘ :

the strengthening action of a stream The above considerations concern pieces

of small shot; (Red mark) b = springs

that have not been so treated; Abscissas: ' in which stresses localized in their weakest

number of load cycles in thousands; Or- v

dinates: number of pieces which remain- point exceed the limiting resistance value. ‘

ed undestroyed in 9 of the total number o

of pieces tested, : They also concern all bearings involving rolling

elements, for which no sich limitirig resistance values have yet been determined. How-

ever, given a structure working under conditions where fatigue destructioh_s do not occur

(Fig. 10, Zone IV), it would be, erroneous to presume that in such a case a test involving

dne‘specimen only would be sufficient. anch‘spevi:im'en of a machine element has its own

individual peculiarities determined by a number of different causes: within \ac_cepted‘

limits, manufactured pieces of a gi"{en kind are necessarily different; fits between con-

“nected pieces are also different within prescribed limits; the:l_'e occur deviations from

the bmeprint' both in the manufacture of the pieces and t}leixjcassembly.
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All these peculiarities may 8o combine

as to furnish a favorable test result in one .

case and an unfavorable one in another. Thus,
a single test 'mvolving one specimen only will
‘ o considerably lower the probability of fi.nding
Fig. 10. Diagram of a fatigue curve.
I. zone of breaking due to cyclic over- ‘ defects which necessarily would have become
loading; II. zone of early fatigue de- .
_structions; IIl. Zone of fatigue destruc- obvious in tests with several specimens Fur-
- tions occuring after long periods of
work; IV. fatigue destructions do not - thermore, 1t should be borne in mind that phe- ‘
occur; Abscissas: number of cycles
until breaking; Ordinates alternating nomena of'wear also present a dispersion of
stresses. ' ' : o

: individual results; although not as strong as

in fatigue phenomena, this dispersion is import:ant, frequently showing two- fold and three-fold de
viationsl).

All the above considerations were taken into account during the development of
our vibratory grinding machines. By organizing large scale testing programs, involving
considerable numbers of specimens, we were able to discover and to.remove rather rapid- .

'ly the various defects of construction or of mahufacture of parts. The design of any sub-
sequent mudel was based on results of tests performed on it:s predecessor, which was
represented by several specimen’s, ‘usually S5oré6 machines. " More tha-n 80 machines were
tested in this ‘'way before the two types i.llustrated in Figs 2 4 were offered for distribu-

tion. Life span measurements and reliability tests werer:earried out under conditions

“approaching those of actual service.

Reliability is defined as the‘c'abpabcity of furni-sh_ing prolonged and regular work

under more severe conditions than those prevailing in actual service. In the case of our

DRV Kugel Some knowledge gamed from engine testmg Vestnik Mashmostroeniya
no. 10, 1952
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tjpe M200-1.5, now offered for distribution, the reliability was determined in a special

series of ,continuous tests of 4 machines ‘dur'ing 1000-‘,1,2(_)(5 bours.‘

In the course of continuous improving of the constrncﬂon of the principal mem-
bers‘ forming our vibratory grinding mills, and in the process of substiruting new models
of macbines for older ones, we observed a continuous increase in the numbers of cycles
nroducmg destruction of one or‘anot:her of the ‘principal P_inembers;v in fatigue curves simi-
lar‘tyo that shown diagrammaticauy in Fig. 10, t_hos‘e”numbere' of cycles until destruction:
gradually changed their position. in the course of imnro“Vement, from zone Ii to zone I |
and finally to zone‘ Iv. Wherens' 1n our first .series of 'eicperhnenml specimens of vibrn-.
fnrv> grinding machines destruction of .u;i.hi ‘e bodies near the zone of welding of the
hole flanges occured after 10-30 hours of work, in the second series of specimens, in
which an improved shape of holes has been adopted and concentrated stresses avoided,
only one case of fissuring was observed, and that one after ES_EO hours of work. ‘As to

‘ machines of the type offered for industrial use, their bodies, in specimens tested, worked
for over 6, ’QOO hours (i.e. about 10? cycles) with no signs of fatigue.

o Considerations concerning oispersion of results, which have been discnssed
| _a.bove, are wel_l illustrated by the results we obtained in testing vibrator bodies, of weld-
ed construction, belonging toa large series of experimental machines. In the first group -

- of machines studied breaking of vibrator bodies occured after working periods ranging

from 25 to 500 hours (i. e. with a 20-fold dispersmn) Later on, after a new improved

» ever occured
In our first group of experimental machines bearing separators broke after
a few hundred hours of work; these accrdents were enurely elimmated by replacing

stamped steel separators in ball bearings by thick brass '_‘eeparators in’ spherica.l roll-

-11 -
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er besrings. ‘The forxnation of l’oose fits in detnchable cylindrical conneetion's between
the vibrator body and the grinding-machine body, loose fits that led to the destrUction
. of the connections\, .frequently occured in the first group of macbinestested; this defect
was definitely removed after the adoption of a conical press;‘on connection in which
loose fits cannot- form. . |
Elastic supports of v1bratory grinding mills furnish a typical example of changes
~and trnnsforrnations undergone by the structural elements of these machines in the
course of our developmental work. In the early models the role of elastic supports
was played by rubber balls filled with gas a.nd arra.nged unéer the bottom of the machine
body in vertical groups of two or three ba.lls Although,qu__e efficient in f_*-a__'r;\"_'_'g vibra-
‘tions, these rubber balls, after only 30-50 hours of serviee under the usual working
conditions, were worn out and devoid of elasticity. Accordingly, cylindrical springs
were adopted in subsequent models. The result, however, was not satisfactory: the
structure was complicated, the springs were not accessible for inspection and lubrication;
not unfrequently the springs were tilted in assembly, a circumstance that reduced 'their
life-span; m‘oreoyer,‘ the bottom of the xnaehine body was entirely inaecessible
_The v1bratory grinding machine type M200 now- offered for industrial use,

rests on two rows of small sprmgs arranged along the machi;xe body (see Fig 2).. There

access to the machme bottom and, consequently, to the unloading hoIe,‘\s open and:

~ convenient. Springs used in this type of machine are the conventional valve_ springs of
‘automobile engines which. with a view to ineressing their fntigue stren, iF
| submitted to the action of a stream of small shot; these springs have the advantage of

combining high quality with low cost.
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The wear of the body of our vibratory grindlng machines is moderate. We
verified this point in a series of prolonged tests of machines filled with steel balls and
a periodically changed load of dry sand. Ir may.be surmised that the res‘ismncelof the
body to wear is_ increase.d‘by the etrengthening effect of the high frequency hammering
of t_he inner surfdce by the grinding bodies. No doubt,, under the impact of mlllionc of |
low strength blows, the inner surface layere of the body's wall become denaer, a cir-
cumstance that certainly improves its mechanica.l properties However, this interesting
phenomenon has not yet been mvestlgated. | |

In actual service. with continuous feeding of the initial material the wear
of the body will probably be somewhat higher tha.n in our laboratory experhnents in
which, as said above, the sand loads were periodically 'replaced by fresh ones.

Where highly abrasive materials such as quartz sands are ground, it is
recommended that exchangeable shields be placed inside the vibratory mill body
80 as to protect the body ends from wear and to prolong their service.

We shall discuss now the second part of our testing program, viz. tests of

: what we called_aboye the machine' s functional characteristics. For_ every new model
of vibratory ‘gritmmg mili those tests compriced two main stages. The porpose of |
the first stage was to establish the optimum "regime" of grindlng. composed of such
characteristics as the optimum amplltude of vibration of the machine body amount

of material loaded, ‘quantity and size of grinding bodies, the most adva.ntngeous meth-

- od of grinding (whether wet or dry, periodical or continuous, along a "creeping'' tra-

jectory or in closed cycle, with or without fractionatioo), and the most appropriate ‘
way of loading and unloading. The second stage consisted of measurements of the

machine' s efficiency and of the outside energy consumed in grmding a given material
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to.a given degre¢ of dispersion for each of the grinding ;égi_mes examined..‘
| The yblume of 511 the:;e different tesps pf functiohal characteristics was usually
quite large, becausé reliabié data can be obtained only af ;be price of repeated experiment-
- ing. '_Fufthermdre, the fact that rriatérials destined for grinding are not identical should be
takén in;o consideration in e»xperimentks of that kind (thus, sé.nds may be of different degr.ees.
of humidity or of different degrées of dispersion, or tﬁey m‘ay differ in their clay content;
agaiﬁ, limes c‘)bt‘ained_‘from’limestones of different quarries may‘differ in properties, etc.).
Ina nufﬁber of cases, tests must be multiplied becaﬁse thé particular industry which uses
a given matér’ial does not possess accurate data ‘conceming'. optimﬁm dispersion. This
situation is due to the fact that, unui recéntiy, ibiiities of preparin
dispersed materials were very limited, and no sufficient experience in their application
has yet accumulated.
" As a result of these tests, curves have been plotted express.ing the degree of

dispersion of a ground product as a function of the duration of the grinding procedure

(Fig. 1l and 12) or as a function of energy consumed (Fig. 13) for each given regime of

2
grmding ). A group of such curves, plotted for different fegxmes of grinding and for dif-

ferent materlals, form the basis for appraxsmg the functional worth of a given grindmg
machinve.‘ ' |
‘ All tk‘mt,has bee_:xj achieved _during the relatively shat period of timé of dievelopb-y
' ing vibratory grinding mills should, of course, be considered as a first stage only in in-
trodﬁcing an entirely ﬁew meihod of fine gfinding technolog; for the various materials
employéd in tﬁe b_uilding industryr. We are now éngagéd in.a long series of 'tesgs of ﬁew

‘models of vibratory grinding equipment of large dimensions. Simultaneously, a-techno-

2)Il: should be noted that curves of Figs. 11- 13 illustrate the least efficient among the
grmdmg methods, viz. that of pcrxodlcally worked loads..
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Fig. 11,

Specific surface (0) and fractions remaining on screens Nos. 0060 and 0088

(Rgo and Rgg) as a function of the duration of grinding of quartz sand (from
Volsk quarries) in vibratory grinding machine M200-3.
Abscissas: duration of grinding in min. ; Ordinates 1) inner scale: specific surface
(according to Tovarov's method) in cm?/g. 2) outer scale: fractions remaining on
screens Nos. 0088 and 0060 in %. In the illustration: Red mark a-= speciﬁc surface,

Ked mark b = fracuoiis remalru.ng Uil BCTEEns,; “60 ana “BB’ Red mark € = Gi un.uus
Characteristics: Load: steel balls 16-20 mm diameter - 740 kg quartz sand -- 75 kg;
power applied ---- 31 kW; amplitude ---- about 2 mm.

Fig. 12. Specific surface (0) and fractions re-
maining on screens Nos., 0060 and 0088 (Rgq
and Rgg) as a function of duration of grinding

of a mixture (consisting of lime, limestone

and gypsum) in vibratory grinding machine
M200-1.5. Abscissas: duration of grinding
in min; Ordinates: 1) inner scale: specific
surface {according to Tovarov's method) in

cm /g 2) outer scale: fractions remaining

on screens Nos. 0050 and 0088 in %. In the
illustration: Red mark a % specific surface;
Red mark b = fractions remaining on screen,
Rgo and, Rgg; Red mark ¢ = Grinding Character-
istics: Load: steel balls 12-20 mm diameter
740 kg; mixture ---- 66 kg; power applied ----
13 kW; amplitude ---- about 3 mm oo

-15-

Fig. 13. Speéiﬁc surface (0) and frac-
tions remaining on screens Nos. 0088
and 0060 (Rgg and Rgg) as a function of

“energy consumed in grinding quartz

sand (from Volsk quarries) in vibrating
grinding machine M200-3. Abscissas:
energy consumed, in kwh/t. Ordinates:
1) inner scale: specific surface (accord-
ing to Tovarov's method) in cm?/g. 2)

~ outer scale: fractions remaining on

screens Nos. 0088 and 0060 in %. In
the illustration: Red mark a = specific
surface; Red mark b = fractions remain- -

" ing on screens, Rgpand Ryy; Red mark c=

Grinding Characteristics: Load: steel
balls'16-20 mm diameter -- 740 kgmiuevrtz

““‘h"'e"?_k_g a&§>Wer a*:ﬁned ——-
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logical search is being done with a view to determining possible fields of application and

optimum ways of industrial utilization of vibratory grindin

g equipment.’ Together with

the industrial experience already gained with vibratory mills of type M200 model 1955,

these new investigations will contribute to furthering the progress of the technology of

fine grinding and of applications < applications of finely ground products in industry.

3/21/56
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